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(57) ABSTRACT

A separator circuit receives a stream of data including both
audio and video components. The separator circuit separates
the audio and video components for transmission to appro-
priate devices. In the preferred embodiment, the separator
circuit 1s part of a decompression engine which decom-
presses the received stream of data and also separates the
audio and video components. Preferably, the decompression
engine 1s 1implemented within a device configured for cou-
pling to an IEEE 1394-1995 serial bus network.
Alternatively, the decompression engine 1s implemented as
a separate dedicated device within the IEEE 1394-1995
serial bus network. After separating the audio and video
components, one or both of those components are transmit-
ted from the decompression engine over one Or more 1S0-
chronous channels on the IEEE 1394-1995 serial bus, to the
appropriate devices. When the decompression engine 1s
implemented within a device, an appropriate one of the
audio or video components 1s sent to circuits within the

device while the other component i1s transmitted over the
IEEE 1394-1995 serial bus.

15 Claims, 5 Drawing Sheets
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METHOD OF AND APPARATUS FOR
SEPARATING AUDIO AND VIDEO DATA
FROM A COMBINED AUDIO/VIDEO
STREAM OF DATA

FIELD OF THE INVENTION

The present 1invention relates to the field of displaying a
video stream of data while simultancously playing an
accompanying audio stream of data. More particularly, the
present invention relates to the field of receiving a combined
stream of data including both audio and video components
and separating the audio and video components.

BACKGROUND OF THE INVENTION

The IEEE standard, “IEEE 1394 Standard For A High
Performance Serial Bus,” Draft ratified in 1995, 1s an
international standard for implementing an inexpensive
high-speed serial bus architecture which supports both asyn-
chronous and 1sochronous format data transfers. Isochro-
nous data transfers are real-time transfers which take place
such that the time intervals between significant instances
have the same duration at both the transmitting and receiv-
ing applications. Each packet of data transferred 1sochro-
nously 1s transferred 1n its own time period. The IEEE
1394-1995 standard bus architecture provides multiple
channels for 1sochronous data transter between applications.
A s1x bit channel number 1s broadcast with the data to ensure
reception by the appropriate application. This allows mul-
tiple applications to simultancously transmit isochronous
data across the bus structure. Asynchronous transfers are
traditional data transfer operations which take place as soon

as possible and transfer an amount of data from a source to
a destination.

The IEEE 1394-1995 standard provides a high-speed
serial bus for interconnecting digital devices thereby pro-
viding a universal I/O connection. The IEEE 1394-1995
standard defines a digital interface for the applications
thereby eliminating the need for an application to convert
digital data to analog data before 1t 1s transmitted across the
bus. Correspondingly, a receiving application will receive
digital data from the bus, not analog data, and will therefore
not be required to convert analog data to digital data. The
cable required by the IEEE 1394-1995 standard 1s very thin
in size compared to other bulkier cables used to connect such
devices. Devices can be added and removed from an IEEE
1394-1995 bus while the bus 1s active. If a device 1s so added
or removed, the bus will then automatically reconfigure
itself for transmitting data between the then existing nodes.
A node 15 considered a logical entity with a unique address
on the bus structure. Each node provides an identification
ROM, a standardized set of control registers and its own
address space.

The IEEE 1394-1995 standard defines a protocol as
illustrated 1n FIG. 1. This protocol includes a serial bus
management block 10 coupled to a transaction layer 12, a
link layer 14 and a physical layer 16. The physical layer 16
provides the electrical and mechanical connection between
a device or application and the IEEE 1394-1995 cable. The
physical layer 16 also provides arbitration to ensure that all
devices coupled to the IEEE 1394-1995 bus have access to
the bus as well as actual data transmission and reception.
The link layer 14 provides data packet delivery service for
both asynchronous and isochronous data packet transport.
This supports both asynchronous data transport, using an
acknowledgement protocol, and 1sochronous data transport,
providing real-time guaranteed bandwidth protocol for just-
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in-time data delivery. The transaction layer 12 supports the
commands necessary to complete asynchronous data
transfers, mcluding read, write and lock. The serial bus
management block 10 contains an 1sochronous resource
manager for managing isochronous data transfers. The serial
bus management block 10 also provides overall configura-
tion control of the serial bus 1n the form of optimizing
arbitration timing, guarantee ol adequate electrical power
for all devices on the bus, assignment of the cycle master,
assignment of 1sochronous channel and bandwidth resources
and basic notification of errors.

Televisions used 1n consumer electronics systems typi-
cally have limited sound capability. Instead, high quality
audio capability 1s achieved within typical home consumer
clectronics systems or confligurations by connecting a sepa-
rate audio amplifier component to the television. This audio
amplifier will then amplify audio from a television or other
video receiving device such as a video cassette recorder
(VCR), and send the amplified audio signal to an attached
set of speakers.

Corresponding audio and video streams of data are com-
bined into MPEG compressed streams of data for transmis-
sion between devices. Audio/video streams of data are also
stored 1n an MPEG compressed format in order to reduce the
amount of storage space required for the stream of data. A
decompression engine 1s required 1n order to decompress an
MPEG compressed stream of data at the receiving compo-
nent. Accordingly, 1n a consumer electronics system as
described above, each component receiving the MPEG data
stream must include an MPEG decompression engine. Both
the television and the audio amplifier would need to include
an MPEG decompression engine in order to separately
decompress the video and audio components of the MPEG
data stream.

A consumer entertainment system including a settop box,
a satellite dish, a television and an audio amplifier 1s
illustrated in FIG. 2. The settop box 22 1s coupled to receive
an MPEG stream of data from the satellite dish 30. The
settop box 22 mcludes an MPEG decompression engine to
decompress the MPEG stream of data. The settop box 22 1s
coupled to the television 20 to separately provide the tele-
vision 20 with the video component from the MPEG stream
of data through an analog video interface. The settop box 22
1s also coupled to the audio amplifier 24 to separately
provide the audio amplifier 24 with the audio component
from the MPEG stream of data through an analog audio
interface. The audio amplifier 24 1s coupled to the speakers
26 and 28 for providing the amplified audio signal to be
played on the speakers.

The settop box 22 decompresses an MPEG stream of data
received from the satellite dish 30 and separates the audio
and video components. The audio and video components are
then transmitted from the settop box 22 to the television 20
and the audio amplifier 24, respectively, in order that the
video 1s displayed on the television 20 while the correspond-
ing audio 1s played from the speakers 26 and 28. The audio
and video components are transmitted from the settop box
22 through separate analog interfaces to the appropriate
components.

In the configuration illustrated in FIG. 2, only the settop
box 22 1s required to include an MPEG decompression
engine. This decompression engine within the settop box 22
1s used to decompress both the audio and video components
within the MPEG stream of data. The settop box 22 includes
separate analog interfaces for transmitting the audio data to
the audio amplifier 24 and the video data to the television 20.
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What 1s needed 1s a system which includes a single
decompression engine for decompressing an MPEG stream
of data and a single interface through which the audio
component and the video component can be transmitted.

SUMMARY OF THE INVENTION

A separator circuit receives a stream of data including
both audio and video components. The separator circuit
separates the audio and video components for transmission
to appropriate devices. In the preferred embodiment, the
separator circuit 1s part of a decompression engine which
decompresses the received stream of data and also separates
the audio and video components. Preferably, the decompres-
sion engine 1s 1mplemented within a device configured for
coupling to an IEEE 1394-1995 serial bus network.
Alternatively, the decompression engine 1s implemented as
a separate dedicated device within the IEEE 1394-1995
serial bus network. After separating the audio and video
components, one or both of those components are transmit-
ted from the decompression engine over an i1sochronous
channel on the IEEE 1394-1995 serial bus, to the appropriate
devices. When the decompression engine 1s 1implemented
within a device, an appropriate one of the audio or video
components 1s sent to circuits within the device while the
other component 1s transmitted over the IEEE 1394-1995
serial bus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates the protocol layers defined by the IEEE
1394-1995 standard.

FIG. 2 1llustrates a consumer entertainment system of the
prior art mcluding a settop box, a television, an audio
amplifier and a set of speakers.

FIG. 3 1illustrates a consumer entertainment system
including a television having a decompression engine
according to the present 1nvention.

FIG. 4 illustrates a block diagram schematic of the
relevant components within the television having a decom-
pression engine, illustrated in FIG. 3.

FIG. 5 1llustrates a consumer entertainment system
including a decompression engine embodied within a sepa-
rate dedicated device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A decompression engine according to the present mnven-
fion decompresses a stream of data such as an MPEG stream
of data including both audio and video data. The decom-
pression engine also separates the audio and video compo-
nents from the stream of data. Preferably, the decompression
engine 1s mcluded within a device coupled within an IEEE
1394-1995 serial bus network with other audio and video
devices. Alternatively, the decompression engine 1s 1imple-
mented within a separate component coupled within the
IEEE 1394-1995 serial bus network. Depending on the
conflguration and components included within the network,
the decompression engine will decompress both the video
and audio components of the MPEG stream of data and
fransmit either or both components 1sochronously over the
IEEE 1394-1995 serial bus to the appropriate devices for
output. A device according to the present invention includes
a single interface through which both the decompressed
audio and video components of the MPEG stream of data are
transmitted. When the decompression engine 1s 1mple-
mented within a device, an appropriate one of the audio or
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video components 1s sent to circuits within the device while
the other component is transmitted over the IEEE 1394-1995
serial bus.

An exemplary consumer electronics system coupled
together within an IEEE 1394-1995 serial bus network 1s
illustrated 1n FIG. 3. A television 32 1s coupled to an audio

amplifier 34, a min1 disc player and recorder 36, a compact
disk player 38, a digital VCR 40 and a digital video disk

player 42, through an IEEE 1394-1995 serial bus network
48. The audio amplifier 34 1s also coupled to a pair of
speakers 44 and 46 through a conventional analog interface.

It will be recognized that such a system can include more
components or a subset of these components in varying
collections and still operate according to the present inven-
tion.

A block diagram of the relevant components within the
television 32 1s 1illustrated m FIG. 4. An IEEE 1394-1995
interface circuit 50 includes a physical interface circuit 52
coupled to the IEEE 1394-1995 serial bus 48. Within the
television 32, the IEEE 1394-1995 interface circuit 50 1s
coupled to a decompression engine 54 for decompressing
streams of data. The decompression engine 54 1s coupled to
a controller 60 and to a display driver 56. The controller 60
1s also coupled to the display driver 56. The display driver
56 1s coupled to a display 58 for controlling the information
that 1s displayed on the display 58.

As an example of the operation of the decompression
engine 54 within the television 32, when a disk 1s played
from the digital video disk player 42 (FIG. 3) for viewing on
the television 32, a compressed MPEG stream of data is
transmitted from the digital video disk player 42 to the
television 32, over an 1sochronous channel on the IEEE
1394-1995 ser1al bus 48. This MPEG stream of data includes
both video and audio information. Under control of the
controller 60, the decompression engine 354, within the
television 32, receives the MPEG stream of data from the
IEEE 1394-1995 interface circuit 50, decompresses the
MPEG stream of data and separates the audio and video
components. The decompression engine 54 then sends the
video component to the display driver 56 1n order to display
the video information on the display 58. The decompression
engine 34 also sends the audio component to the IEEE
1394-1995 1interface circuit 50 for transmission over the
IEEE 1394-1995 serial bus 48 to the audio amplifier 34. The
audio component 1s transmitted from the IEEE 1394-1995
interface circuit 50 to the audio amplifier 34 over an 1soch-
ronous channel. This 1sochronous channel 1s different than
the 1sochronous channel over which the MPEG stream of
data 1s transmitted from the digital video disk player 42 to
the television 32. When received by the audio amplifier 34,
the audio information 1s then amplified by the audio ampli-
fier 34 and transmitted to the speakers 44 and 46.

The audio component 1s transmitted from the television
32 to the audio amplifier 34 over an 1sochronous channel of
the IEEE 1394-1995 serial bus 48. Accordingly, the audio
amplifier 34 will play each portion of the audio component
within 1ts respective time frame. The decompression engine
54 and the controller 60 must ensure that the video infor-
mation corresponding to the audio information i1s played
within the same time frame 1n order to simultaneously
provide the appropriate video and audio information.

In this same example, the separate audio information can
also be sent to the mini disc player and recorder 36 for
recording. The same 1sochronous channel can be established
to transmit the separate audio information from the televi-
sion 32 to both the audio amplifier 34 and the mini disc
player and recorder 36.
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In an alternate embodiment of the present invention, as
illustrated 1n FIG. 5, the decompression engine 1s embodied
within a separate dedicated component coupled to the IEEE
1394-1995 serial bus 48. The decompression engine 70 1s
coupled to the IEEE 1394-1995 serial bus 48. Any com-
pressed MPEG stream of data sent to one or more compo-
nents coupled to the IEEE 1394-1995 serial bus 48 1s {first
sent to the decompression engine 70 of this alternate
embodiment. The decompression engine 70 then decom-
presses the stream of data and if appropriate, separates the
audio and video components within the stream of data. The
decompressed and separated video component 1s then trans-
mitted over a first 1sochronous channel on the IEEE 1394-
1995 serial bus 48 to the television 32 or other appropriate
device. The decompressed and separated audio component
1s transmitted over a second 1sochronous channel on the
IEEE 1394-1995 serial bus 48 to the audio amplifier 34 or
other appropriate device. Each corresponding portion of the
audio and video components are then played simultaneously
by the appropriate devices within the appropriate time
period, 1n order to ensure that a correct correspondence 1s
maintained between the audio and video information being
played.

As should be apparent to those skilled in the art, the
decompression engine of the present invention can be 1imple-
mented within any appropriate device, such as the television
32, the audio amplifier 34, the mini disc player and recorder
36, the compact disk player 38, the digital VCR 40 and the
digital video disk player 42, as illustrated 1in FIG. 3, or as a
separate component, as illustrated in FIG. 5. The decom-
pression engine of the present invention embodies any
appropriate method for decompressing a compressed stream
of data and separating the components within the stream of
data. While an MPEG stream of data has been used as an
example 1n the discussion above, it should be apparent to
those skilled 1n the art, that the decompression engine could
be used to decompress a data stream which has been
compressed according to any appropriate format. It also
should be apparent that the present invention could be used
on an uncompressed stream of data which mncludes two or
more components. In the situation of an uncompressed
stream of data, the components are separated without being
decompressed and then transmitted 1sochronously to the
appropriate devices.

The decompression engine of the present invention 1s
advantageous over the settop box 22, illustrated in FIG. 2,
because i1t provides a single interface through which the
separate audio and video components are transmitted. In the
preferred embodiment, this single interface 1s an IEEE
1394-1995 1interface circuit. As described above, the IEEE
1394-1995 serial bus provides the advantage of a digital
interface, allowing the separate audio and video components
to be transmitted digitally, without requiring the separate
components to first be converted to an analog format before
transmission. The separate components are also transmitted
1sochronously, thereby ensuring that the corresponding
audio and video information is played within appropriate
fime periods 1 order that the correct correspondence 1is
maintained between the audio and video mnformation being
played.

By implementing the decompression engine within the
television 32 or as a separate device 70, a general purpose
audio component which only understands uncompressed
audio data, such as the audio amplifier 34, can be used 1n an
environment, as illustrated in FIGS. 3 and 5, where the only
audio mnformation available 1s compressed and/or embedded
in another stream of data. In such a configuration, the audio
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6

information 1s decompressed and separated before it 1s
transmitted to the audio amplifier 34. When the audio
information 1s received by the audio amplifier 34, the audio

information 1s amplified, converted to an analog format and
sent to the speakers 44 and 46.

The present mvention has been described 1n terms of
specific embodiments incorporating details to facilitate the
understanding of principles of construction and operation of
the 1mvention. Such reference heremn to specific embodi-
ments and details thereof 1s not intended to limit the scope

of the claims appended hereto. It will be apparent to those
skilled 1n the art that modifications may be made 1n the
embodiment chosen for 1llustration without departing from
the spirit and scope of the invention. Specifically, 1t will be
apparent to those skilled in the art that while the preferred
embodiment of the present invention 1s used with an IEEE
1394-1995 serial bus structure, the present invention could
also be implemented on any other appropriate bus structures.

I claim:

1. A decompression engine for decompressing a com-
pressed stream of data including a plurality of components,
comprising:

a. an 1nterface circuit configured for coupling to a bus
structure for receiving and transmitting data over the
bus structure including a combined stream of data
having the plurality of components;

b. a decompression circuit coupled to the interface circuit
for decompressing the combined stream of data thereby
forming a decompressed stream of data; and

C. a separating circuit for separating the plurality of
components within the decompressed stream of data
into separate and decompressed component streams of
data, wherein at least one of the separate and decom-
pressed component streams of data i1s transmitted
through the interface circuit over the bus structure to a
remote device.

2. The decompression engine as claimed in claim 1
wherein the decompression circuit 1s included within a local
device and further wherein at least one of the separate and
decompressed component streams of data 1s sent to compo-
nents within the local device.

3. The decompression engine as claimed in claim 2
wherein the compressed stream of data 1s received 1n an
MPEG format.

4. The decompression engine as claimed in claim 3
wherein the separate and decompressed component streams
of data represent audio and video data.

5. The decompression engine as claimed i claim 4
wherein the bus structure 1s an IEEE 1394-1995 serial bus
structure.

6. A television for displaying video information compris-
Ing:

a. a display for displaying video information;

b. a display driver coupled to the display for controlling
the display and providing the video information to be
displayed;

c. an interface circuit configured for coupling to a bus
structure for receiving and transmitting data over the

bus structure including a combined stream of data
having audio and video components; and

d. a decompression engine coupled to the interface circuit
and to the display driver for decompressing the com-
bined stream of data thereby forming a decompressed
stream of data and separating the decompressed stream
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of data 1nto an audio stream of data and a video stream
of data, wherein the audio stream of data 1s transmitted
through the interface circuit and over the bus structure
to a remote device and the video stream of data 1s sent
to the display driver to be displayed on the display.

7. The television as claimed i1n claim 6 wherein the
combined stream of data 1s received 1n an MPEG format.

8. The television as claimed 1n claim 6 wherein the bus
structure 1s an IEEE 1394-1995 serial bus structure.

9. The television as claimed 1n claim 8 wherein the
combined stream of data 1s received on a first 1sochronous
channel.

10. The television as claimed 1in claim 8 wherein the audio
stream of data 1s transmitted on a second 1sochronous
channel.

11. A home entertainment system comprising;

a. a plurality of devices;

b. an IEEE 1394-1995 serial bus structure coupled
between the plurality of devices to transmit data
between the devices including a combined stream of
data having a plurality of components; and

c. a decompression engine coupled to the bus structure
and to the plurality of devices to decompress the
combined stream of data, thereby forming a decom-
pressed stream of data, and separate the decompressed
stream of data into an audio stream of data and a video
stream of data, wherein the audio stream of data 1s
transmitted to one or more of the plurality of devices
and the video stream of data 1s transmitted to one or
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more of the plurality of devices, the decompression

engine mncluding:

1. an 1nterface circuit coupled to the bus structure to
receive and transmit data over the bus structure
including the combined stream of data, the audio
stream of data and the video stream of data;

11. a decompression circuit coupled to the interface
circuit to decompress the combined stream of data to
form the decompressed stream of data; and

111. a separating circuit to separate the plurality of
components mto the audio stream of data and the
video stream of data, wherein at least one of the
audio stream of data and the video stream of data 1s
transmitted through the interface circuit over the bus
structure to a remote one of the plurality of devices.

12. The home entertainment system as claimed 1n claim
11 wherein the decompression engine 1s included within one
of the plurality of devices.

13. The home entertainment system as claimed in claim
11 wherein the decompression engine 1s a stand-alone
device.

14. The home entertainment system as claimed in claim
11 wherein the combined stream of data 1s received by the
decompression engine 1n an MPEG format.

15. The home entertainment system as claimed in claim
11 wherein the plurality of devices include a television and
an audio amplifier.
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